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Abstract

The topic of regression analysis is receiving increasing and clear attention in most studies, especially
economic and medical ones. The nonparametric regression model in general and the multiple
nonparametric regression model in particular is one of the most important and prominent regression
models used in recent years, which have witnessed great expansion, especially in the economic and
environmental aspects. The Multivariate Nadaraya-Watson estimator is one of the most important
estimators used in the multiple nonparametric regression model. In estimating the multiple nonparametric
regression model, this estimator, in turn, relies on a matrix of parameters called smoothing parameters,
the estimation of which is of great importance in achieving good fit of the estimated curve in the multiple
nonparametric regression model. In this research, it was proposed to employ an algorithm inspired by
nature, represented by the Fireflies algorithm, in the process of estimating the smoothing parameter
matrix (Bandwidth matrix) in the Ndaria-Watson multiple estimator. The Monte Carlo simulation method
was also used to generate data following a number of multiple nonparametric regression models. The
simulation results showed the superiority of the proposed method compared to other estimation methods,
using the mean square error as a standard for comparison.
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Keywords: kernel estimator; smoothing matrix, Multivariate Nadaraya-Watson estimator, Firefly
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geads Al aaa s e Lgiladl e ciladla da il 48 k) el ) A8LLYL GCV 44kl 3134 5

Nadaraya-Watson s & Js¥) z25a (g jlaall Gl jai¥) daf s MSE das Jama (V) ds2al)

CVv GCV FA
n=50 0.047 +0.008 0.046 + 0.008 0.0130 + 0.0023
n=100 0.047 +0.006 0.044 +0.007 0.0013 + 0.0016
n=250 0.044 +0.003 0.012 +0.040 0.0012 + 0.0014
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CVv GCV FA
n=50 3.134 +0.649 2.989 £ 0.921 0.0131 +0.0018
n=100 3.125+0.534 2.834 +0.783 0.0079 + 0.00021
n=250 2.687 +0.301 2.081 £ 0.242 0.0048 + 0.0001
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n=100 0.313 +0.043 0.291 + 0.050 0.049 + 0.022
n=250 0.309 +0.018 0.275 +0.021 0.035 +0.013

Nadaraya-Watson e siie b sl )l 73 530 (5 lsrall Gl jai¥) da s MISE 4l Jara 1(£)d s2al

CVv GCV FA
n=50 0.714 £0.143 0.353 £0.079 0.0049 + 0.0019
n=100 0.531+0.134 0.335 £ 0.056 0.0056 + 0.0014
n=250 0.468 + 0.054 0.219 £ 0.036 0.0045 + 0.0013
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BlSlaall

AYoe



Y ¥ i (V) sadl e b LY i a8 el als

College of Basic Education Researchers Journal. ISSN: 7452-1992 Vol. (20), No.(1), (2024)

8 (8 B el Lhe Y A A jihal) 2 plall 3y (H) 2 siane il 2 sl Joindl GOV 2 sk ol -

- Ykl 4 jlae MSE J o el Lgildae Y 5 5,891 455 50l CV 48y sk ilS 5 o(H)Ad shase

sodbaddl 211

¢l Ay pad) dpaleal) 4nd ol paall oy A5 A" (V0 ) V) ek g Cilie cdsen g abie Jiad (e )

[ YAA SYVY ] ciladeall (V) a2ad) () A) dlaall oY) 5 BslaBY) o slall Alaa

Aaxial) lasiy) Julad Lé dalza DUl ) jasal) 45 Hlaa" c(Y . \/\) “-.-,ﬁ‘m Lo s Cpaall 2e g LA‘; eldl caana Y

[EAA ~£3V Jeulabiall o() v A) 2aall (Y £) alaall oY) s dbeaiB o slal) dlaa ¢ "l s LS ol

DY) Aly s 4 Nadaraya-Watson JisS jade aladial” (Y1) cGuuall 2o deae cdeas |V

10.
11.

12.

13.

14.

15.

16.

0 (1) 23l (V1) alaal) AalaBY) 5 4y oY) o shell Ll Alsa " adea)

Aial) jalaall

Al Radhwan, A.M.N.,& Algamal, Z.Y. ,(2021), "Improving K-means clustering based on firefly
algorithm™ Journal of Physics: Conference Series, 1897 (2021) 012004 IOP Publishing
d0i:10.1088/1742-6596

Aydin, D., (2007), "A comparison of the nonparametric regression models using smoothing
spline and kernel regression”, World Academy of Science, Engineering and Technology, (36),
PP[253-257].

Boente, G., Fraiman, R., & Meloche, J., (1997), "Robust plug-in bandwidth estimators in
nonparametric regression”, Journal of Statistical Planning and Inference, 57(1), pp[109-142].
C.K. Chn (1995), " Bandwidth selection in Nonparametric Regression With general errors”,
Journal of Statistic Planning and Inference, 44 ,PP. 265-275.

Goutte, C., Larsen, J., & technology, v., (2000), "Adaptive metric kernel regression”, Journal of
VLSI signal processing systems for signal, image, 26(1-2), pp[155-167].

Hardle, W., (1990), "Applied Nonparametric Regression”, Cambridge MA : Cambridge
University press.

Harldle , W. , (1994)," Applied non parametric regression ™.

Kahya, M. A., Altamir, S. A., & Algamal, Z. Y. (2020). Improving firefly algorithm-based
logistic regression for feature selection. Journal of Interdisciplinary Mathematics, 22(8), 1577-
1581. doi:10.1080/09720502.2019.1706861.

Kauermann, G., & Opsomer, J., (2004), "Generalized cross-validation for bandwidth selection of
backfitting estimates in generalized additive models”, Journal of Computational and Graphical
Statistics, 13(1),PP[ 66-89].

Kolacek, J., & Horova, 1., (2017), "Bandwidth matrix selectors for kernel regression",
Computational Statistics, 32(3), [1027-1046].

Lijian, Y., & Rolf, T., (1999), "Multiverait bendwidth selection for local linear regression”,
Statist, 61, pp[793-815].

Mustafa, M. Y. & Algamal, Z. Y.,(2022), "Bandwidth Selection in Multivariate Nadaraya-
Watson Estimator based on Meta-Heuristic Optimization Algorithms: A Simulation Study"
Mathematical Statistician and Engineering Applications, 71( 4), [4877-4887].

Schimek, M. G., (2013)," Smoothing and regression: approaches, computation, and application”,
John Wiley & Sons.

A



Y ¥ i (V) sadl e b LY i a8 el als

College of Basic Education Researchers Journal. ISSN: 7452-1992 Vol. (20), No.(1), (2024)

17.

18.
19.

20.

Soméa, S. M., & Kokonendjia, C. C., (2015), "Effects of associated kernels in nonparametric
multiple regressions”, arXiv preprint arXiv:1502.01488.

Shang, H. L., Zhang, X., & Shang, M. H. L., (2014), "Package bbemkr".

Yang, X. S. (2010)," Firefly algorithms for multimodal optimization”, In 5th symposium on
stochastic algorithms, foundations and applications, SAGA 2009 (pp 169-178).

Yang, X. S. (Ed.). (2013). "Cuckoo search and firefly algorithm: Theory and applications" (\Vol.
516). Springer.

AVY



